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Abstract

The main reason of applying chlorination is to sterilize microbes existing in the drinking
water treatment, But chlorination could lead to the formation of disinfection by-products
(DBPs) by the reaction of free chlorine with humic substance in the water. Especially the
DBPs including trihalomethanes (THMs), haloacetic acids (HAAs), haloacetonitriles (HANs),
and haloketones (HKs) exist in the tap water. The US environmental protection agency
(US EPA) defines that trihalomethanes, dichloroacetic acid, trichloroacetic acid, and
dichloroacetonitrile among DBPs are probable/possible human carcinogens. US EPA
suggests maximum contaminant levels (MCLs) for THMs (80 pg/L) and HAAs (60 pug/L) in
drinking water.

In Korea, THMs in drinking water has heen surveved but DBPs in general has not been
studied in drinking water practically. Therefore only THMs have been regulating as
criteria compounds since 1990 but neither HAAs nor HANs. Researches on HAAs are yet
to be found. HAA formation potentials (HAAFPs) have not been practiced. HAAs depends
on the characteristics of water sources by chlorination. In this study, HAAFPs from three
distinct sources were investigated by laboratory chlorination experiments. This study was
performed to measure the level of HAAs in drinking water in Seoul area.

At April 1996, after collecting the raw waters from the three sites with the different
properties, the water samples were chlorinated at various conditions (pH 5.5, pH 7.0 and
without pH adjustment) in the state of raw water to have 0.5mg/L of residual chlorine
concentration. And the raw water, treated water. and tap water of water treatment were
collected to measure the HAAs concentration, The quantitative analysis of HAAs was
conducted by US EPA methods.

After 48 hours of chiorination, The HAAFPs ranges of measured level of pH 5.5, pH
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7.0, and without pH adjstment were 11.0-

respectively.
in Seoul,
HAAFPs,
measured at higher value.

Based on above results,

48.7 ppb, 9.4 -
HAAFPs was increased with the reaction time.

HAAs was measured with the mean value of 11,712 1.11 ppb.
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60.7 ppb, and 4.5~50.0 ppb.,
In tap water of households

Among the

dichloroacetic acid and trichloroacetic acid as the hazardous compounds are

the health risk assessment of DBPs should be undertaken in

urgently for the management process for the standard.
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Table 1. Raw water quality parameters

Parameters Utility R1 Utility R2 Utility R3
pH 7.9 7.7 8.0
NH;-N(mg/L) 0.58 0.71 0.36
COD(mg/L) 4.06 5.28 4,06
UV-254(ABS/cm) 0.073 0. 080 0.072
Turbidity (NTU) 2.9 2.2 1.7
Alkalinity(mg/L) 55 41 32

254% Shimadzu UV-1601 UV-Visible Spectro-
photometer& o]&3}od 254 nm ZIAFAM A EE
ZAshodeh.

2) HAAs2| X2t

Algdlel] nlgke @ Zzfsl= HAAs % monoch-
loroacetic acid (MCAA), dichloroacetic acid
(DCAA), trichloroacetic acid (TCAA),
bromoacetic acid (MBAA),
(DBAA), 28]37 bromochloroacetic  acid
(BCAA) 5 A& 61455 gz Aaksigle

mono-
dibromoacetic acid

w, WO 2= S EPA Method 552.1 method
A S AdAeg S8ste] At 4]
28 FZ 9 A4l Supelcort?) solid phase
extraction AAE o] gste] FEelodet. 3%

2N 4°Coll A 24 vialel] H.33}ed 48 hralel
A5

Table 2. Gas chromatography condition of HAAs

analysis
Item Condition

Column J&W Scientific DB1701
(14% cyanopropylphenyl
methylpoly-siloxane, 30m X
0.32mm x0, 25 um)

Detector ECD

[ntegrator HP3396 Series II integrator

Splitless mode
Injector temp
Detector temp

200°C
260°C
200°C
90°C (5min)

Oven temp 50°C (2min) 15°C/min
10°C (8min)

- 5°C/min
Eme)

5°C/min

Total flow rate 50ml/min
Injection volume 2 ul
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Table 3. Comparison of HAAs formation potentials the source of raw water and the level of modified pH

with chlorination

Reaction UV-254 MCAA MBAA

DCAA TCAA BCAA DBAA THAAs

Utility pH time(hr) (ABS/cm) (pg/L)  (ng/L)  (pg/L)  (pg/L)  (ug/L)  (pg/L)  (ug/L)
R1 5.5 6 0.088 0.7 0.2 7.7 1.0 1.0 0.3 11.0
24 0.070 0.7 0.2 11.2 21.0 1.5 0.4 35.0

48 0.067 1.0 0.3 13.6 23.3 1.6 0.4 40.2

7.0 6 0.075 0.2 0.1 3.7 4.5 0.7 0.3 9.4

24 0.069 0.7 0.2 11.1 17.1 1.6 0.4 31.2

48 0.062 0.9 0.2 12,1 16.3 1.6 0.4 31.5

raw water 6 0.073 0.2 0.1 3.5 1.7 0.5 0.6 6.5

7.9 24 0.068 0.3 0.1 5.8 3.1 0.9 0.5 10.7

48 0,061 0.7 0.2 9.4 8.5 1.1 0.5 20.3

R2 5.5 6 0.082 0.9 0.2 10.4 15.1 1.5 0.5 28.5
24 0.075 0.9 0.3 14.9 27.3 2.3 0.4 46.1

48 0.071 1.2 0.3 17.1 27,1 2,5 0.5 48.7

7.0 6 0.078 0.9 0.1 15.0 20.4 2.6 0.5 39.6

24 0.072 0.9 0.1 15.7 22,7 2.8 0.6 42.8

48 0.066 1.8 0.2 24,0 30, 4 3.6 0.6 60.7

raw water 6 0.082 0.3 0.1 6.3 4.9 1.1 0.5 13.3

7.7 24 0.076 0.8 0.2 11.3 9.3 1.4 0.5 23.6

48 0,070 1.1 0.4 12,5 8.9 2.3 0.6 25.8

R3 5.5 6 0.078 0.7 0.3 8.4 9.9 1.7 0.4 21.4
24 0.068 1.4 0.4 14.9 9.3 2.8 0.7 29.4

48 0,064 1.4 0.5 17.9 24.2 3.8 0.7 48.4

7.0 6 0.073 1.0 0.5 14.0 15.2 3.2 0.8 34.6

24 0.066 1.0 0.4 14,8 22,2 3.4 0.7 42.4

48 0.062 1.9 0.7 21.5 21.4 3.9 0.8 50. 1

raw water 6 0,072 0.1 0.1 2.5 0.8 0.7 0.3 1.5

8.0 24 0,065 0.6 0.4 8.1 7.7 1.5 0.6 18.8

48 0.061 2.0 0.5 23.7 20.7 2.6 0.5 50.0

i
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Table 4. Average concentrations of HAAs from
drinking water treatment systems in Seoul

area (unit : pg/L)

Site Raw water Treated water Tap water
S1 0.46 6.01 11.25
S2 0.26 11.59 12.23
S3 6.27 12.05 12.30
S4 0.22 6.04 10,00
S5 5.46 12.12 11.25
56 3.10 11.02 13.21

Mean 2.63£2.74 9.814+2.95 11.71x1.11

9% 36 6% 1%

: G DCaa
oy 49%

32%

Fig. 3. Composition of HAAs on tap water in drin
king waters.
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